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Abstract 
Objectives: To determine the clinical and patient-reported outcomes of bi-layered, all-ceramic 
posterior single crowns (SCs) supported by zirconia implants in an uncontrolled, prospective, 
multicenter study. 
Methods: In two centers, 60 patients received 71 one-piece zirconia oral implants to be 
restored with either SCs (n = 49) or three-unit fixed dental prostheses (n = 11). Of these 
patients, 45 implants were restored with all-ceramic, zirconia-based posterior SCs (one per 
patient). Survival rates of implants and reconstructions were assessed, and technical success 
was evaluated according to modified U.S. Public Health Service (USPHS) criteria. 
Furthermore, patient-reported outcome measures (PROMs) were assessed by applying visual 
analog scales (VAS). Kaplan-Meier (KM) plots and log-rank tests were used for 
success/survival analyses. The Wilcoxon matched-pairs signed-rank test was used to evaluate 
time effects on response variables (PROMs, USPHS criteria). 
Results: Forty patients with 40 SCs could be evaluated after 36.7 ± 1.2 months. No SC was 
replaced, resulting in 100% survival. The KM success estimate was 87.5% (two chippings, 
one restoration margin, and one contour were rated Charlie). In general, the incidence of 
chipping (p = .0005) and occlusal roughness (p = .0003) was frequent. Compared with the 
pre-treatment patient surveys (67–93%), all surveys at prosthetic delivery except for speech (p 
= .139) showed significantly improved VAS scores (81–94%; p <.0001). Thereafter, no 
decrease in satisfaction could be observed over time until the 3-year follow-up (86–93%; p ≥ 
.390). 
Conclusion: Veneered, zirconia-based SCs supported by zirconia implants satisfied patients’ 
needs highly. However, significant incidence of chipping and roughness of the veneering 
ceramic may compromise the clinical long-term outcome for this indication. 
German Clinical Trials Register (ID:  DRKS00000226) 
Clinical significance 
Posterior, zirconia-based SCs supported by zirconia oral implants entirely survived the 
follow-up period of 3 years, but two major chippings, one a significant marginal opening and 
one pronounced over-contouring, resulted in a reduced KM success estimate of 87.5% after 
36 months of observation. 
Keywords [MeSH]: Ceramics; Dental porcelain; Crown; CAD-CAM; Dental implant; 
Zirconia 
Introduction 
The German Oral Health Study (DMS) periodically collects key oral health and dental care 
indicators (e.g., mucosal abnormalities, caries, periodontitis, and tooth loss) across four age 
cohorts in a cross-sectional, socio-epidemiological design [1]. The fifth edition (DMS V), 
published in 2016, showed a prevalence of 2.1 and 11.1 missing teeth in younger adults (aged 
35 to 44 years) and younger elderly (aged 65 to 74 years), respectively [2, 3]. In both groups, 
tooth loss was mostly located in the area of premolars and molars. When it is time to replace 
these teeth located in load-bearing areas, several treatment options, ranging from fixed to 
removable prostheses, are available.  
In the case of single tooth gaps with neighboring teeth worth preserving, a fixed dental 
prosthesis (FDP) is one of the most chosen treatment options. This type of restoration 
represents a cost- and time-effective treatment with a favorable outcome. Comparing a recent 
review of the literature analyzing the clinical outcome of tooth-supported FDPs [4] with 
another one published 13 years ago [5], an obvious trend toward all-ceramic restorations can 
be observed. Besides technical complications observed in zirconia-based FDPs (high 
incidence of veneer chippings), supporting teeth are at risk of biological complications such 
as secondary caries or loss of vitality and subjected to an extensive removal of tooth structure 
[6]. Therefore, an implant-supported single crown (SC) might be a less invasive treatment 
option to prevent adjacent teeth from biological complications. 
Single implant treatment can be considered a predictable treatment with high survival rates in 
the long term [7]. To date, not only the restoration but also the implant can be fabricated out 
of a ceramic material, allowing for a completely metal-free approach Oral implants made 
from yttria-stabilized tetragonal zirconia polycrystals (Y-TZP) proved to be reliable in 
prospective clinical evaluations with an outcome comparable to titanium implants [8]. 
Regrettably, data on the restoration of these implants are scarce. Because market-available 
zirconia implants are mostly designed as one-piece implants comprising an endosseous, 
transmucosal, and intraoral part in a single piece, the restoration has to be cemented to the 
implant abutment comparable to tooth-supported reconstructions. Especially in posterior 
regions, the same polycrystalline ceramic material (Y-TZP) as used for ceramic implant 
production proved to be a reliable substructure for the fabrication of highly esthetic, implant-
supported, bi-layer crowns [9]. For both tooth- and implant-supported, zirconia-based SCs, 
survival rates seem to be comparable to those of conventional porcelain-fused-to-metal (PFM) 
crowns [10]. However, for posterior zirconia-based bilayer restorations in particular, and for 
implant-supported restorations in general, the most common technical reason for failure is 
fracture of the veneering material [10, 11]. The lack of a periodontal ligament, the rigidity of 
implants, and impaired proprioception might be responsible for higher chipping ratios in 
implant-supported restorations [12].  
Several suggestions were made for improving the chipping resistance of zirconia-based 
restorations [13], among others addressing the phase composition of the veneering ceramic. In 
a recent clinical trial evaluating the restoration of zirconia oral implants with zirconia-based 
SCs and FDPs, a lacking crystalline phase of the veneering ceramic resulting in reduced 
flexural strength was considered one of the major factors contributing to an unacceptable 
occurrence of severe veneer fractures resulting in a high failure rate of 23.4% after 5 years of 
observation [14]. Therefore, the aim of this study was to determine the clinical and patient-
reported outcomes of bi-layered, all-ceramic, posterior single crowns (SCs) comprising 
CAD/CAM-fabricated zirconia frameworks hand-layered with a leucite-reinforced feldspathic 
ceramic of increased flexural strength and a slightly higher mismatch of the coefficient of 
thermal expansion (framework > veneer, resulting in a more pronounced compression stress 
in the veneering ceramic) supported by zirconia implants.  
Materials and Methods 
Study design 
This multicenter study represents a prospective cohort investigation. The included centers 
were (1) Medical Center, University of Freiburg (Germany), Department of Prosthetic 
Dentistry, and (2) Center of Dental Medicine, University of Zürich (Switzerland), Clinic for 
Fixed and Removable Prosthodontics and Dental Material Science. The study protocol was 
approved by the ethics committee of the Canton of Zürich (StV 08/10) and by the ethics 
commission of the Medical Center Freiburg (241/08). The study was registered in the German 
Clinical Trials Register (ID: DRKS00000226) and is, therefore, available in the World Health 
Organization (WHO) International Clinical Trials Registry Platform. Informed consent was 
obtained from all patients prior to their inclusion. Recruitment was done between April 2010 
and July 2012. This multicenter study was designed and performed considering the 
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement 
for cohort studies (http://www.strobe-statement.org). 
Participants 
Sixty partially edentulous patients asking for an implant-supported, single-tooth restoration or 
a three-unit fixed dental prosthesis (FDP), irrespective of the jaw, were recruited, provided 
they were 20–70 years old, showed a good health status, were compliant, were in need of an 
implant-supported restoration, had sufficient bone volume in the area of interest, showed a 
stable occlusal relationship, and no signs of pronounced bruxism (such as attritions and 
fractures on the natural teeth or reconstructions, no pain on muscular palpation, no pain-
causing joint sound, and no self-reported clenching habits). Reasons for exclusion were 
alcohol or drug abuse, smoking of more than 10 cigarettes per day, severe bruxism or other 
destructive habits, and health conditions not permitting the surgical procedure.  
The supporting cylindroconical and screw-type, one-piece zirconia implants (ceramic.implant 
prototype; vitaclinical, VITA Zahnfabrik; Bad Säckingen, Germany) comprised platforms of 
4.0, 4.5, and 5.5 mm. The surgical procedures and the methodology for measuring the tissue 
response have been described earlier [15]. In total, 60 patients were recruited to receive 11 
FDPs and 49 SCs. To obtain a clear indication for the present evaluation of posterior single 
crowns, three patients with three anterior crowns were excluded from the analysis. Eleven 
FDPs in 11 patients were not evaluated, because feldspathic veneered FDPs on zirconia 
implants do not conform to the manufacturer’s recommendation. 
Clinical and laboratory procedures  
Information on the clinical and laboratory procedures was provided in detail in precedent 
publications reporting preliminary results after 12 months of observation [15, 16]. Key points 
were as follows. The implants were immediately temporized with prefabricated provisional 
reconstructions comprising slight occlusal contacts (shimstock foil of 8 µm thickness could be 
pulled through). After a healing period of at least 8 (mandible) or 16 weeks (maxilla), 
respectively, impressions were taken (Impregum; 3M Espe, Seefeld, Germany) and digitized 
(inEos scanner; Sirona, Bensheim, Germany). CAD/CAM-fabricated (Cerec inLab® software, 
inLab® MC XL 4-axis milling device; Sirona) zirconia frameworks (In-Ceram YZ, VITA 
Zahnfabrik) were hand-layered with a leucite-reinforced feldspathic ceramic (VM9, VITA 
Zahnfabrik) according to the manufacturer’s instructions. All SCs were adhesively cemented 
using a dual-curing resin cement (RelyX Unicem Aplicap; 3M Espe). In case of a subgingival 
cementation line, retraction cords were placed to facilitate cement removal. Centric and 
dynamic occlusions were controlled (12 µm occlusion foil, 8 µm shimstock foil) both on the 
restoration and the residual dentition to avoid any excessive forces. 
Baseline and follow-up examinations 
At baseline (post-cementation) and again after 6, 12, 24, and 36 months of function, the 
restorations were examined clinically. These appointments included (1) a visual and tactile 
inspection of the restorations, (2) a control of static and dynamic occlusion, (3) impression 
taking, and (4) intraoral photographs of the restorations and neighboring teeth. Biological and 
technical complications were documented and the required treatment applied, if necessary. 
Clinical outcome 
The restorations were evaluated in five categories (framework fracture, chipping of the 
veneering ceramic, occlusal roughness, marginal integrity, and contour of the restoration; 
Table 1) according to modified USPHS criteria [17].  SCs within a range of excellence were 
rated Alpha, whereas SCs showing minor deviations from the ideal were judged to be Bravo. 
SCs showing clinically unacceptable defects that could be intraorally repaired to a clinically 
acceptable level were rated Charlie. In case of an irreparable problem of clinical relevance, a 
restoration was rated Delta. A successful SC was not allowed to comprise any Charlie or 
Delta rating, whereas Charlie ratings were accepted for survival. Any Delta rating in a single 
category resulted in the restoration judged a failure. 
Patient-reported outcome 
Visual analog scales (VAS) were applied to evaluate the patient‘s appraisal of function, 
esthetics and appearance, sense, speech, and self-esteem. At the timepoint of study inclusion, 
at final prosthesis insertion, and at every follow-up appointment, the patients were asked to 
label a point on a line that corresponded with their personal satisfaction in each 
aforementioned category. The line was 10 cm in length, without scale, and every millimeter 
corresponded to 1% of satisfaction (i.e., 10 cm corresponded to 100%). The left endpoint 
represented poor satisfaction (0%), whereas the point at the right end represented excellent 
satisfaction (100%). Finally, the patient‘s markings were measured with a ruler. 
Statistical analyses 
Sample size calculation (60 patients) was performed considering the radiographic outcome 
(expected marginal bone loss known from the literature) and was, therefore, not primarily 
designed for the evaluation of the prosthetic outcome [15]. Means, medians, and standard 
deviations were computed for descriptive analyses of the data. Kaplan-Meier survival and 
success estimates were calculated and graphically presented using plots. Moreover, log-rank 
tests were used to check for an influence of co-variables (gender, jaw, and center). A 
Wilcoxon matched-pairs signed-rank test was used to calculate for changes between 
prosthetic delivery and the follow-ups (USPHS criteria, PROMs). All calculations were 
performed with the STATA 14.2 (StataCorp LT, College Station, TX, USA) statistical 
software. The probability level for statistical significance was set to p < 0.05. 
Results 
Status of follow-up 
Of the 46 patients with posterior implant-supported single crowns (SCs), one patient lost his 
implant 5 weeks after implant insertion, and another patient refused to participate in further 
follow-ups after insertion of the final crown, for unknown reasons. For the evaluation of the 
prosthesis, both were regarded as drop-outs. Therefore, 44 patients (19 females, 25 males) 
provided with 44 posterior SCs located in the region of a former premolar (n = 17) or molar (n 
= 27) remained for evaluations and analyses [16]. Of these restorations, 29 were opposed by 
solely natural teeth, nine by restored teeth or a combination of a restored and a natural tooth, 
three by tooth-supported FDPs, two by implant-supported FDPs and one by a tooth-retained 
removable dental prosthesis.  
The final restorations were delivered between April 2010 and February 2012. The mean 
patient age at prosthetic delivery was 46.6 ± 13.1 years (range: 25–69 years). Of the 44 
included patients, 40 patients with 40 SCs were seen at the 3-year follow-up between May 
2013 and April 2015 (Fig. 1), resulting in a mean observation time of 36.7 ± 1.2 months. One 
patient missed the 3-year appointment but will be available for further follow-ups. Two 
patients refused further participation in the study after the 1-year follow-up and one more 
patient after the 2-year follow-up. The patients gave no reason for study withdrawal. For the 
3-year analyses, these four patients/SCs were considered drop-outs. 
Clinical outcome 
No SC had to be replaced, resulting in 100% survival. Minor technical complications were 
frequently observed, however. Compared to the evaluations at final prosthesis insertion, the 
occurrence of chipping of the veneering ceramic (12 minor chippings, 2 major chippings; p = 
0.0005; Fig. 1/1e) and of occlusal roughness (27 SCs with a small area of occlusal roughness; 
p = 0.0003; Fig. 1/3e) was statistically significant after 3 years of service. Moreover, a 
significant incidence of marginal disintegration was found (six SCs with a slightly soundable 
marginal gap, one SC with a significant crevice; p = 0.0253).  
Based on the definition of success (Table 1) and the evaluations at prosthetic delivery and the 
follow-ups (Table 2), Kaplan-Meier success estimates were calculated and presented as plots 
(Fig. 2) [18]. Overall, the calculated Kaplan-Meier success estimate was 87.5 ± 5.3% (± Std. 
error). The performed log-rank tests revealed no statistically significant differences for the 
success curves regarding jaw (p = 0.345; maxilla: 94.4 ± 5.4%, mandible: 83.3 ± 7.8%), 
gender (p = 0.891; females: 89.5 ± 7.0%, males: 85.9 ± 7.8%), and center (p = 0.255; center 1: 
94.7 ± 5.1%, center 2: 81.7 ± 8.6%).  
No framework fracture or loss of retention was observed. The cementation line was found to 
be subgingival in most of the cases (mean: 0.3 ± 0.7 mm), particularly in proximal areas. For 
the final restorations, no cement residuals were found on the X-rays in proximal areas.  
The three anterior crowns, excluded from the analyses as mentioned earlier, were surviving 
and successful after 3 years of observation. Of the 11 FDPs, two had to be replaced after 181 
and 187 days of service.   
Patient-reported outcome (VAS) 
Compared to the surveys before any treatment, all interrogations (function: +18.3%, esthetic: 
+22.2%, self-esteem: +15.6%; p <0.001) except the appraisal of speech (+0.8%; p = 0.139) 
showed significantly improved VAS scores when the final SC was inserted (81–93.6%, Fig. 
3, Table 3). These improvements remained unaffected until the end of the 3-year follow-up 
(85.4–92.7%, p >0.390).  
Discussion 
The international ISO standard 6872 (“Dentistry - Ceramic materials”) defines five classes of 
dental ceramic materials for the fabrication of fixed prostheses by intended clinical use with 
required mechanical (flexural strength [MPa]) and chemical (solubility [µg/cm2]) properties. 
The evaluated materials of the present investigation fulfill the requirements of the appropriate 
class. Because laboratory tests are limited in simulating clinical reality, clinical trials are 
deemed necessary for a final verification of specific indications such as implant-supported 
posterior single crowns. This trial revealed a 100% survival rate and high patient satisfaction 
with zirconia-based, all-ceramic single crowns supported by one-piece zirconia implants. 
However, a significant incidence of veneer fractures and occlusal roughness resulted in a 
frequent occurrence of technical complications. Two major chippings, one significant 
marginal opening and one pronounced over-contouring, resulted in a reduced KM success 
estimate of 87.5% after 36 months of observation.  
Regrettably, data on how to restore zirconia oral implants installed in posterior regions for the 
replacement of single missing teeth is still rare. To date, only one study is available 
prospectively evaluating bi-layer crowns [14]. In that study, 63 zirconia-based SCs (Procera 
Zirconia, NobelRondo Zirconia; Nobel Biocare, Gothenburg, Sweden) supported by ceramic 
implants from the same manufacturer (Nobel Biocare) were analyzed after 5 years of 
observation. Sixty crowns were located in the area of premolars or molars. After a follow-up 
of 36 months, the success rate of these restorations was 71% (95% CI: 61–83%). However, 
only chipping was considered for non-success with more stringent criteria (even minor 
chippings resulted in non-success). Therefore, one cannot simply compare the reported 
success rates with the present findings. Applying the same success criteria to our data set, the 
chipping-free KM estimate results in 76% (95% CI: 58–86%), suggesting a comparable 
outcome. However, no replacements were necessary up to date in the present study, compared 
to a failure/replacement rate of 23.4% at the end of follow-up when using NobelRondo for 
veneering in our previous study [14]. One might conclude that the evaluated leucite-
reinforced feldspathic veneering ceramic used in the present investigation was not capable to 
reduce the chipping frequency but indeed in reducing the severity of this complication, 
thereby successfully avoiding the need for replacements within the first three years of 
observation. Concerning the literature, an increased flexural strength of the veneering ceramic 
and a slightly higher mismatch of the coefficient of thermal expansion (as mentioned earlier) 
might be responsible for this finding [19, 20]. 
Because data on zirconia implant-supported SCs is rare, zirconia-based all-ceramic SCs 
cemented to the abutments of two-piece titanium implants might be suitable for further 
comparison. In a split-mouth design, Güncü and colleagues evaluated 48 tooth- and implant-
supported SCs composed of zirconia copings (LAVA; 3M Espe, St. Paul, USA) veneered 
with the same feldspathic porcelain (Vita VM9) as used in the present study [21]. All crowns 
were located in posterior regions. After 4 years of observation, 91.7% of the 24 implant-
supported SCs were deemed successful. Again, criteria for success differed significantly from 
the criteria applied in the present study. Only a major chipping resulting in the need for 
replacement was considered a failure. Minor chippings and occlusal roughness were not 
recorded. Similar to our findings, a tendency toward marginal disintegration was observed. 
Whereas marginal integrity was rated excellent at 87.5% of the implant-supported restorations 
at baseline, this value decreased to 74% at the 4-year follow-up. Hence, the provided data on 
the technical outcome can be considered comparable to our results. In a retrospective study, 
Nejatidanesh and co-workers evaluated 232 cemented implant-supported SCs placed in 122 
patients after a mean exposure time of 59.2 months [22]. Fracture of the veneering ceramic 
occurred in 8.2% of the restorations (n = 19; 7 anterior, 12 posterior), and two replacements 
were necessary. This outcome appears to be superior to the present investigation. 
Nevertheless, evaluating minor complications retrospectively might not be as sensitive as 
prospective evaluations. Previous publications evaluating the same material composition 
(Cercon/Cercon Ceram Kiss; DeguDent, Hanau, Germany) in a comparable setup found 
significantly higher complication rates of 7.5% after 6 months and 24.5% after two years, 
respectively [9, 23]. Furthermore, the patient-reported outcome was assessed in this trial [22], 
revealing a high patient satisfaction, as observed in the present investigation. However, the 
patients were surveyed only once after the treatment. Missing pre-treatment data results in a 
limited validity of the patient-reported outcome, not allowing for the objective conclusion of 
an improved satisfaction. 
Cacaci and colleagues determined the clinical outcome of an alternative veneering technique 
[24]. This technique consisted of pressed veneer caps made from lithium disilicate fused to 
zirconia substructures for the production of single implant-supported posterior crowns. A total 
of 114 implants were restored with single crowns, among those, 61 cemented and 53 screw-
retained restorations. Only two chippings were reported (3.3%) for cemented SCs after a 
mean observation period of 36 months, resulting in a favorable outcome when compared to 
the present findings. However, efforts needed for the production of such single crowns might 
be considered uneconomic because the ceramic material used for the production of the 
veneering cap showed a comparable outcome when applied monolithically and without any 
supporting substructure [25]. In another clinical trial, 24 zirconia implant-supported SCs made 
from lithium disilicate showed no chippings after a mean observation period of 31 months 
[26]. However, the same tendency in developing occlusal roughness was found [25, 26]. 
Besides chipping and occlusal roughening of the veneering ceramic, a significant incidence of 
marginal disintegration was found (p = 0.0253). Compared to the baseline data post-
cementation, five more restorations showed a slightly soundable marginal gap. This might be 
due to a compromised fit of early CAD/CAM substructures, as reported for tooth-supported 
restorations and thought to be responsible for increased rates of secondary caries [4], and a 
potential occurrence of cement washout. It remains to be seen whether marginal opening 
increases during the further observation period of the present investigation and how far it can 
be overcome by using newer five-axis milling devices in upcoming clinical investigations. To 
the present follow-up, this marginal opening did not result in biological complications (e.g., 
gingival inflammation or increased marginal bone loss compared to unaffected restorations). 
Finally, the missing control group (e.g., porcelain fused to metal SCs supported by two-piece 
titanium implants) represents a major limitation of the present study. Therefore, one cannot 
conclude that the presented findings show superiority or inferiority of this treatment protocol 
compared to conventional types of restorations as mentioned earlier. It has to be assumed that 
the highly accepted patient-centered outcome was derived from rehabilitation of posterior 
support instead of the applied ceramic materials. 
Conclusions 
Posterior zirconia-based SCs supported by zirconia oral implants entirely survived the follow-
up period of three years and satisfied patients’ needs highly. However, technical 
complications resulted in a reduced success rate. Monolithic approaches might be able to 
overcome this issue. In further clinical research, it is recommended to evaluate such crowns 
for a time- and cost-effective restoration of one-piece zirconia oral implants installed in 
posterior areas.  
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Figure legends 
Fig. 1: Three representative cases (1–3) at the time point of final prosthesis insertion (a–c) 
and after 3 years of observation (d, e). Restoration 1 showed a minor chipping at the 
disto-buccal aspect at the three-year follow-up (1e). Restoration 2 was free of any 
complication. Restoration 3 was affected by a minor occlusal roughness.  
Fig. 2: Kaplan-Meier success plots (a: overall; b–d: stratified by jaw, gender, and center). 
Fig. 3: Box plots of the patient-reported outcome measures (VAS score [%]; a: 
function/eating; b: esthetics; c: sense; d: speech; e: self-esteem) before treatment (PT: 
pretreatment), at the delivery of the prosthetic restoration (PD: prosthetic delivery) and 
the follow-up appointments (1y: 1-year follow-up; 3y: 3-year follow-up). 
Tab. 1: Modified USPHS criteria for the success and survival analyses of the restorations 
Alpha (A) Bravo (B) Charlie (C) Delta (D) 
Fracture of 
framework 
No fracture - - 
Fracture 
(Loss of 
reconstruction) 
Fracture of 
veneering 
ceramic 
No fracture 
Minor chipping 
(polishable) 
Major chipping 
(up to framework) 
Fracture 
(Loss of 
reconstruction) 
Occlusal 
roughness 
No roughness 
Slight roughness 
(Ø < 2 mm) 
Obvious roughness 
(Ø > 2 mm) 
Reconstruction needs 
to be replaced 
Marginal 
integrity 
No visible or 
soundable gap 
Marginal gap 
slightly 
soundable 
Explorer 
penetrates a 
significant crevice 
Reconstruction needs 
to be replaced 
Contour of 
reconstruction 
Perfectly 
contoured 
Slightly under- / 
overcontoured 
Pronounced under- 
/ overcontouring 
Reconstruction 
inacceptable 
Success Survival Failure 
Tab. 2:  Results of the single crown evaluations according to the modified USPHS criteria 
(Tab. 1) at prosthetic delivery and the follow-ups. Significance (Wilcoxon matched-
pairs signed-rank test) was calculated for changes between delivery and the 3-year 
follow-up. 
Framework 
fracture 
Chipping of 
veneering 
Occlusal 
roughness 
Marginal 
integrity 
Contour 
n (Alpha / Bravo / Charlie / Delta) 
Delivery 44 (44/-/-/-) 44 (43/1/-/-) 44 (31/13/-/-) 44 (42/1/1/-) 
44 (19/24/1/-
) 
6m Follow-up 44 (44/-/-/-) 44 (39/4/1/-) 
44 (22/21/1/-
) 
44 (41/2/1/-) 
44 (23/20/1/-
) 
12m Follow-
up 
44 (44/-/-/-) 44 (36/7/1/-) 44 (18/26/-/-) 44 (40/3/1/-) 
44 (19/24/1/-
) 
24m Follow-
up 
42 (42/-/-/-) 42 (33/8/1/-) 42 (14/28/-/-) 42 (38/3/1/-) 
42 (17/24/1/-
) 
36m Follow-
up 
40 (40/-/-/-) 
40 (26/12/2/-
) 
40 (13/27/-/-) 40 (33/6/1/-) 
40 (18/21/1/-
) 
Significance - 0.0005 0.0003 0.0253 0.7815 
Tab. 3: Patient assessments of function (eating), esthetics and appearance, sense (“feeling 
like my own teeth”), speech and self-esteem (VAS, [%]) before treatment (P), at the 
delivery of the final restoration (D) and the follow-up appointments (1y, 3y). 
Significance (Wilcoxon rank-sum test) was calculated for changes between P and D 
(except for sense) as well as D and 3y to verify a lasting effect. 
Pre-
Treatment 
(P) 
Delivery 
(D) 
1y 
Follow-up 
(1y) 
3y Follow-
up 
(3y) 
Significance (p) 
PD D3y 
Function 
(eating) 
n 44 44 44 39 
median VAS 
[%] 
80 90 98.5 94 
<0.001 0.950 
mean VAS 
[%] 
69.2 87.5 91.4 86.7 
SD 25.5 13.5 13.7 16.7 
Esthetic / 
Appearance 
n 44 44 44 39 
median VAS 
[%] 
81 94.5 97 95 
<0.001 0.872 
mean VAS 
[%] 
66.5 88.7 89.2 85.4 
SD 30.6 13.3 18.2 19.5 
Sense n - 44 44 39 
median VAS 
[%] 
- 89.5 96 94 
- 0.418 
mean VAS 
[%] 
- 81 90.9 87.9 
SD - 24.3 11.6 13.0 
Speech n 44 44 44 39 
median VAS 
[%] 
98 98 98.5 97 
0.139 0.390 
mean VAS 
[%] 
92.8 93.6 94.6 92.7 
SD 11.0 13.5 9.4 9.3 
Self-esteem n 44 44 44 39 
median VAS 
[%] 
90.5 97 98 97 
<0.001 0.769 
mean VAS 
[%] 
76.0 91.6 94.2 90.9 
SD 27.4 11.8 9.9 12.1 
